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ABSTRACT: The Hydrogeomorphic (HGM) Approach is a method for developing and applying indices
for the site-specific assessment of wetland functions. The HGM Approach was initially designed to be
used in the context of the Clean Water Act Section 404 Regulatory Program permit review process to
analyze project alternatives, minimize impacts, assess unavoidable impacts, determine mitigation require-
ments, and monitor the success of compensatory mitigation. However, a variety of other potential uses
have been identified, including the design of wetland restoration projects, and management of wetlands.

This Regional Guidebook presents the HGM Approach for assessing the functions of most of the
wetlands that occur in the Delta Region of Arkansas, which is part of the Lower Mississippi River
Alluvial Valley. The report begins with an overview of the HGM Approach and then classifies and charac-
terizes the principal wetlands that have been identified within the Delta Region of Arkansas. Detailed
HGM assessment models and protocols are presented for six of those wetland types, or subclasses, repre-
senting all of the forested wetlands in the region other than those associated with lakes and impound-
ments. The following wetland subclasses are treated in detail: Flat, Mid-gradient Riverine, Low-gradient
Riverine Backwater, Low-gradient Riverine Overbank, Headwater Depression, Isolated Depression, and
Connected Depression. For each wetland subclass, the guidebook presents (a) the rationale used to select
the wetland functions considered in the assessment process, (b) the rationale used to select assessment
model variables, (c) the rationale used to develop assessment models, and (d) the functional index cali-
bration curves developed from reference wetlands that are used in the assessment models. The guidebook
outlines an assessment protocol for using the model variables and functional indices to assess each of the
wetland subclasses. The appendices provide field data collection forms, spreadsheets for making calcula-
tions, and a variety of supporting spatial data intended for use in the context of a Geographic Information
System.

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes.
Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products.
All product names and trademarks cited are the property of their respective owners. The findings of this report are not
to be construed as an official Department of the Army position unless so designated by other authorized documents.
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A Regional Guidebook for Applying the Hydrogeomorphic Approach to
Assessing Wetland Functions of Forested Wetlands in the Delta Region of
Arkansas, Lower Mississippi River Alluvial Valley (ERDC/EL TR-04-16)

ISSUE: Section 404 of the Clean Water Act
directs the U.S. Army Corps of Engineers to
administer a regulatory program for permitting the
discharge of dredged or fill material in the “waters
of the United States.” As part of the permit review
process, the impact of discharging dredged or fill
material on wetland functions must be assessed.
On 16 August 1996, a National Action Plan to
Implement the Hydrogeomorphic Approach
(NAP) for developing Regional Guidebooks to
assess wetland functions was published. This
report is one of a series of Regional Guidebooks
that will be published in accordance with the
National Action Plan.

RESEARCH OBJECTIVE: The objective of
this research was to develop a Regional Guide-
book for assessing the functions of forested
wetlands in the Delta Region of Arkansas, Lower
Mississippi River Alluvial Valley.

SUMMARY: The Hydrogeomorphic (HGM)
Approach is a collection of concepts and methods
for developing functional indices and subse-
quently using them to assess the capacity of a

wetland to perform functions relative to similar
wetlands in a region. The Approach was initially
designed to be used in the context of the Clean
Water Act Section 404 Regulatory Program
permit review sequence to consider alternatives,
minimize impacts, assess unavoidable project
impacts, determine mitigation requirements, and
monitor the success of mitigation projects.
However, a variety of other potential applications
for the Approach have been identified, including:
determining minimal effects under the Food
Security Act, designing mitigation projects, and
managing wetlands.

AVAILABILITY OF REPORT: The report is
available at the following Web sites: http://
www.wes.army.mil/el/wetlands/wipubs.html or
http://libweb.wes.army.mil/index.htm. The
report is also available on Interlibrary Loan
Service from the U.S. Army Engineer Research
and Development Center (ERDC) http://libweb.
wes.army.mil/lib/library.htm.
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Preface

This Regional Guidebook was developed as a cooperative effort between the
Arkansas Multi-Agency Wetland Planning Team (MAWPT) and Region 6 of the
U.S. Environmental Protection Agency, which provided funding through the
Wetland Grants 104(b)(3) program for States, Tribes, and Local Governments.
Dr. Charles V. Klimas (Charles Klimas and Associates, Inc.) directed the field
studies and prepared the guidebook manuscript, under contract to the Arkansas
Game and Fish Commission MAWPT Coordination Office. Ms. Elizabeth O.
Murray (MAWPT Coordinator, Arkansas Game and Fish Commission) prepared
most of the figures. All of the persons listed as authors of this guidebook were
involved in every aspect of the project, including classification, field sampling,
and model testing, and otherwise contributed materially to production of the
document. The affiliations of the other authors are as follows: Mr. Thomas Foti
(Arkansas Natural Heritage Commission), Mr. Jody Pagan (Natural Resources
Conservation Service), and Dr. Henry Langston (Arkansas State Highway and
Transportation Department). Other representatives of the MAWPT member
agencies provided technical oversight for the project and, together with other
organizations, participated in the field studies and workshops that produced the
wetland classification system, community characterizations, and assessment
models used in this document. D. J. Klimas archived and summarized the field
data and generated the data summary graphs in this report.

Participants in this project included representatives of federal agencies
(U.S. Army Corps of Engineers, U.S. Fish and Wildlife Service, Natural
Resources Conservation Service), Arkansas state agencies (Arkansas Natural
Heritage Commission, Arkansas Game and Fish Commission, Arkansas Soil and
Water Conservation Commission, Arkansas State Highway and Transportation
Department, Arkansas Forestry Commission, Arkansas Department of Environ-
mental Quality, and University of Arkansas Cooperative Extension Service),
state university personnel, and private sector representatives. All of the indi-
viduals involved are too numerous to list here, but some people contributed a
particularly large amount of time and effort: Ken Brazil (Arkansas Soil and
Water Conservation Commission), Rob Holbrook (Arkansas Game and Fish
Commission), Joe Krystofik (formerly of Soil and Water Conservation Com-
mission, currently with U.S. Fish and Wildlife Service), Gary Tucker (FTN
Associates, Ltd.), Phillip Moore (Arkansas State Highway and Transportation
Department), Jeff Raasch (formerly MAWPT Coordinator, Arkansas Game and
Fish Commission, currently with Texas Parks and Wildlife), Bill Richardson
(Arkansas State Highway and Transportation Department), and Theo Wittsell
(Arkansas Natural Heritage Commission). Ken Brazil, Tom Foti, Elizabeth
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Murray, and Jeff Raasch provided administrative continuity and coordination
among participating and funding agencies, in addition to their direct technical
participation.

This report was prepared in accordance with guidelines established by the
U.S. Army Engineer Research and Development Center (ERDC), Vicksburg,
MS. It is published by ERDC as part of the Hydrogeomorphic (HGM) Guide-
book series issued under the Ecosystem Management and Restoration Research
Project (EMRRP). Mr. Chris V. Noble, Wetlands and Coastal Ecology Branch,
Ecosystem Evaluation and Engineering Division, Environmental Laboratory
(EL), ERDC, reviewed the report for consistency with HGM guidelines. In
addition, the methods and protocols used to prepare this report were closely
coordinated with a study simultaneously undertaken in the Delta Region of
Mississippi (the Yazoo Basin). Therefore, portions of the text and some figures
are similar or identical to sections of the Yazoo Basin Guidebook (“A Regional
Guidebook for Applying the Hydrogeomorphic Approach to Assessing Wetland
Functions of Selected Regional Wetland Subclasses, Yazoo Basin, Lower
Mississippi River Alluvial Valley,” by R. D. Smith and C. V. Klimas, ERDC/EL
TR-02-4, U.S. Army Engineer Research and Development Center, Vicksburg,
MS). Note also that the Western Kentucky Regional Guidebook (“A Regional
Guidebook for Assessing the Functions of Low Gradient, Riverine Wetlands of
Western Kentucky,” by W. B. Ainslie et al. 1999, Technical Report WRP-DE-17,
U.S. Army Engineer Waterways Experiment Station, Vicksburg, MS) served as a
template for the development of both this and the Yazoo Basin document. Parts
of the discussion in the Western Kentucky document are included here without
significant modification, particularly portions of the wildlife section (originally
developed by Tom Roberts, Tennessee Technological University) and basic
information on the HGM Approach and wetland functions (originally developed
by R. Daniel Smith, EL). Many aspects of the classification system, field
methods, and guidebook structure used here were based on reconnaissance
studies in the Yazoo Basin and the Arkansas Delta conducted by Charles Klimas
and R. Daniel Smith prior to initiation of this project.



Chapter 1

1 Introduction

The Hydrogeomorphic (HGM) Approach is a method for developing func-
tional indices and the protocols used to apply these indices to the assessment of
wetland functions at a site-specific scale. The HGM Approach initially was
designed to be used in the context of the Clean Water Act, Section 404
Regulatory Program, to analyze project alternatives, minimize impacts, assess
unavoidable impacts, determine mitigation requirements, and monitor the success
of compensatory mitigation. However, a variety of other potential uses have been
identified, including the determination of minimal effects under the Food
Security Act, design of wetland restoration projects, and management of
wetlands.

In the HGM Approach, the functional indices and assessment protocols used
to assess a specific type of wetland in a specific geographic region are published
in a document referred to as a Regional Guidebook. Guidelines for developing
Regional Guidebooks were published in the National Action Plan (National
Interagency Implementation Team 1996) developed cooperatively by the
U.S. Army Corps of Engineers (USACE), U.S. Environmental Protection Agency
(USEPA), U.S. Department of Agriculture (USDA) Natural Resources Conser-
vation Service (NRCS), Federal Highway Administration (FHWA), and
U.S. Fish and Wildlife Service (USFWS). The Action Plan, available online at
http://www.epa.gov/OWOW/wetlands/science/hgm.html, outlines a strategy for
developing Regional Guidebooks throughout the United States, provides
guidelines and a specific set of tasks required to develop a Regional Guidebook
under the HGM Approach, and solicits the cooperation and participation of
Federal, State, and local agencies, academia, and the private sector.

This report is a Regional Guidebook developed for assessing the most
common types of wetlands that occur in the Delta Region of Arkansas in the
Lower Mississippi River Alluvial Valley in the United States. Normally, a
Regional Guidebook focuses on a single regional wetland subclass (the term for
wetland types in HGM terminology); however, a different approach has been
employed in this Regional Guidebook: multiple regional wetland subclasses are
considered. The rationale for this approach is that the Lower Mississippi River
and its tributaries have created a complex landscape that supports a variety of
interspersed wetland types in the Delta Region of Arkansas specifically and the
Lower Mississippi River Alluvial Valley generally. Subtle differences in terrain
and water movement result in distinctly different functions being performed by
wetlands that are in close proximity to or contiguous with one another. Further,
massive flood control and drainage works instituted in the twentieth century have
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dramatically affected nearly all of the wetlands in the Lower Mississippi River
Alluvial Valley. Because these wetland systems have closely related origins, and
have been universally influenced by flood protection and drainage efforts, it is
most sensible to deal with their classification and assessment in a single inte-
grated Regional Guidebook. This does not mean that wetlands of different hydro-
geomorphic classes and regional wetland subclasses are lumped for assessment
purposes, but rather that the factors influencing their functions and the indicators
employed in their evaluation are best developed and presented in a unified
manner. Therefore, this Regional Guidebook was developed for multiple regional
wetland subclasses that commonly occur together in a subbasin. It is expected
that the classification of regional wetland subclasses, assessment variables, and
the assessment models developed for the Delta Region of Arkansas will have
general applicability in other subbasins of the Lower Mississippi River Alluvial
Valley. However, development of Regional Guidebooks for other subbasins will
require collection of additional reference data that reflect regional variation in
wetland characteristics within a particular subbasin.

This Regional Guidebook addresses various objectives:

e To characterize selected regional wetland subclasses in the Delta Region
of Arkansas within the Lower Mississippi River Alluvial Valley.

e To present the rationale used to select functions to be assessed in these
regional subclasses.

e To present the rationale used to select assessment variables and metrics.
e To present the rationale used to develop assessment models.

e To describe the protocols for applying the functional indices to the
assessment of wetland functions.

This report is organized in the following manner. Chapter 1 provides the
background, objectives, and organization of the document. Chapter 2 provides a
brief overview of the major components of the HGM Approach, including the
procedures recommended for development and application of Regional Guide-
books. Chapter 3 characterizes the regional wetland subclasses in the Delta
Region of Arkansas included in this guidebook. Chapter 4 discusses the wetland
functions, assessment variables, and functional indices used in the guidebook
from a generic perspective. Chapter 5 applies the assessment models to specific
regional wetland subclasses and defines the relationship of assessment variables
to reference data. Chapter 6 outlines the assessment protocol for conducting a
functional assessment of regional wetland subclasses in the Delta Region of
Arkansas. Appendix A presents preliminary project documentation and field
sampling guidance. Field data forms are presented in Appendix B. Appendix C
contains alternate field forms, and Appendix D contains demonstration printouts
of calculation spreadsheets. Common and scientific names of plant species
referenced in the text and data forms are listed in Appendix E.

Chapter 1
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While it is possible to assess the functions of selected regional wetland
subclasses in the Delta Region of Arkansas using only the information contained
in Chapter 6 and the appendices, it is strongly suggested that, prior to conducting
an assessment, users also familiarize themselves with the information and docu-
mentation provided in Chapters 2-5.

Chapter 1  Introduction



2 Overview of the
Hydrogeomorphic
Approach

Development and Application Phases

The HGM Approach consists of four components: (a) the HGM classifica-
tion, (b) reference wetlands, (c) assessment variables and assessment models
from which functional indices are derived, and (d) assessment protocols. The
HGM Approach is conducted in two phases. An interdisciplinary Assessment
Team of experts carries out the Development Phase of the HGM Approach. The
task of the Assessment Team is to develop and integrate the classification,
reference wetland information, assessment variables, models, and protocols of
the HGM Approach into a Regional Guidebook (Figure 1).

In developing a Regional Guidebook, the team completes the tasks outlined
in the National Action Plan (National Interagency Implementation Team 1996).
After the team is organized and trained, its first task is to classify the wetlands of
the region of interest into regional wetland subclasses using the principles and
criteria of Hydrogeomorphic Classification (Brinson 1993a; Smith et al. 1995).
Next, focusing on a specific regional wetland subclass, the team develops an
ecological characterization or functional profile of the subclass. The Assessment
Team then identifies the important wetland functions, conceptualizes assessment
models, identifies assessment variables to represent the characteristics and
processes that influence each function, and defines metrics for quantifying
assessment variables. Next, reference wetlands are identified to represent the
range of variability exhibited by the regional subclass, and field data are
collected and used to calibrate assessment variables and indices resulting from
assessment models. Finally, the team develops the assessment protocols
necessary for regulators, managers, consultants, and other end users to apply the
indices to the assessment of wetland functions in the context of 404 Permit
review.

During the Application Phase, the assessment variables, models, and proto-
cols are used to assess wetland functions. This involves two steps. The first is to
apply the assessment protocols outlined in the Regional Guidebook to complete
the following tasks:

Chapter 2 Overview of the Hydrogeomorphic Approach
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Figure 1. Development and Application Phases of the HGM Approach (from Ainslie et al. 1999)

e Define assessment objectives.

e Characterize the project site.

e Screen for red flags.

e Define the Wetland Assessment Area.
e Collect field data.

e Analyze field data.

The second step involves applying the results of the assessment at various
decision-making points in the planning or permit review sequence, such as
alternatives analysis, impact minimization, assessment of unavoidable impacts,
determination of compensatory mitigation, design and monitoring of mitigation,
comparison of wetland management alternatives or results, determination of
restoration potential, or identification of acquisition or mitigation sites.

Each of the components of the HGM Approach that are developed and
integrated into the Regional Guidebook is discussed briefly in the following
paragraphs. More extensive treatment of these components can be found in
Brinson (1993a,b; 1995, 1996), Brinson et al. (1995, 1996, 1998), Hauer and
Smith (1998), and Smith et al. (1995).
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Hydrogeomorphic Classification

Wetland ecosystems share a number of common attributes including hydro-
phytic vegetation, hydric soils, and relatively long periods of inundation or
saturation by water. In spite of these common attributes, wetlands occur in a
variety of climatic, geologic, and physiographic settings and exhibit a wide range
of physical, chemical, and biological characteristics and processes (Cowardin et
al. 1979; Mitch and Gosselink 1993; Semeniuk 1987). The variability of wet-
lands makes it challenging to develop assessment methods that are both accurate
(i.e., sensitive to significant changes in function) and practical (i.e., can be
completed in the relatively short time frame normally available for conducting
assessments). “Generic” wetland assessment methods have been developed to
assess multiple wetland types throughout the United States. In general these
methods can be applied quickly, but lack the resolution necessary to detect
significant changes in function. One way to achieve an appropriate level of
resolution within a limited time frame is to employ a wetland classification
system structured to support functional assessment objectives (Smith et al. 1995).

The HGM classification was developed specifically to accomplish this task
(Brinson 1993a). It identifies groups of wetlands that function similarly using
three criteria that fundamentally influence how wetlands function: geomorphic
setting, water source, and hydrodynamics. Geomorphic setting refers to the posi-
tion of the wetland in the landscape. Water source refers to the primary origin of
the water that sustains wetland characteristics, such as precipitation, floodwater,
or groundwater. Hydrodynamics refers to the level of energy with which water
moves through the wetland, and the direction of water movement.

Based on these three criteria, any number of functional wetland groups can
be identified at different spatial or temporal scales. For example, at a continental
scale, Brinson (1993a,b) identified five hydrogeomorphic wetland classes. These
were later expanded to the seven classes described in Table 1 (Smith et al. 1995).

Generally, the level of variability encompassed by wetlands at the continental
scale of hydrogeomorphic classification is too great to allow development of
assessment indices that can be applied rapidly and still retain the level of sensi-
tivity necessary to detect changes in function at a level of resolution appropriate
to the 404 permit review. In order to reduce both inter- and intraregional varia-
bility, the three classification criteria must be applied at a smaller, regional
geographic scale, thus creating regional wetland subclasses. In many parts of the
country, existing wetland classifications can serve as a starting point for identi-
fying these regional subclasses (e.g., Golet and Larson 1974; Stewart and
Kantrud 1971; Wharton et al. 1982). Regional subclasses, like the continental
scale wetland classes, are distinguished on the basis of geomorphic setting, water
source, and hydrodynamics. Examples of potential regional subclasses are shown
in Table 2. In addition, certain ecosystem or landscape characteristics may be
useful for distinguishing regional subclasses. For example, depression subclasses
might be based on water source (i.e., groundwater versus surface water) or the
degree of connection between the wetland and other surface waters (i.e., the flow
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Table 1

Hydrogeomorphic Wetland Classes

HGM
Wetland
Class

Definition

Depression

Depressional wetlands occur in topographic depressions (i.e., closed elevation
contours) that allow the accumulation of surface water. Depressional wetlands may
have any combination of inlets and outlets, or lack them completely. Potential water
sources are precipitation, overland flow, streams, or groundwater flow from adjacent
uplands. The predominant direction of flow is from the higher elevations toward the
center of the depression. The predominant hydrodynamics are vertical fluctuations that
may occur over a range of time, from a few days to many months. Depressional
wetlands may lose water through evapotranspiration, intermittent or perennial outlets,
or recharge to groundwater. Prairie potholes, playa lakes, and cypress domes are
common examples of depressional wetlands.

Tidal Fringe

Tidal fringe wetlands occur along coasts and estuaries and are under the influence of
sea level. They intergrade landward with riverine wetlands where tidal current
diminishes and riverflow becomes the dominant water source. Additional water
sources may be groundwater discharge and precipitation. Because tidal fringe
wetlands are frequently flooded and water table elevations are controlled mainly by
sea surface elevation, tidal fringe wetlands seldom dry for significant periods. Tidal
fringe wetlands lose water by tidal exchange, by overland flow to tidal creek channels,
and by evapotranspiration. Organic matter normally accumulates in higher elevation
marsh areas where flooding is less frequent and the wetlands are isolated from
shoreline wave erosion by intervening areas of low marsh or dunes. Spartina
alterniflora salt marshes are a common example of tidal fringe wetlands.

Lacustrine
Fringe

Lacustrine fringe wetlands are adjacent to lakes where the water elevation of the lake
maintains the water table in the wetland. Additional sources of water are precipitation
and groundwater discharge, the latter dominating where lacustrine fringe wetlands
intergrade with uplands or slope wetlands. Surface water flow is bidirectional.
Lacustrine wetlands lose water by evapotranspiration and by flow returning to the lake
after flooding. Organic matter may accumulate in areas sufficiently protected from
shoreline wave erosion. Unimpounded marshes bordering the Great Lakes are an
example of lacustrine fringe wetlands.

Slope

Slope wetlands are found in association with the discharge of groundwater to the land
surface or on sites with saturated overland flow with no channel formation. They
normally occur on slightly to steeply sloping land. The predominant source of water is
groundwater or interflow discharging at the land surface. Precipitation is often a
secondary contributing source of water. Hydrodynamics are dominated by downslope
unidirectional water flow. Slope wetlands can occur in nearly flat landscapes if
groundwater discharge is a dominant source to the wetland surface. Slope wetlands
lose water primarily by saturated subsurface flows, surface flows, and by
evapotranspiration. They may develop channels, but the channels serve only to
convey water away from the slope wetland. Slope wetlands are distinguished from
depression wetlands by the lack of a closed topographic depression and the
predominance of the groundwater/interflow water source. Fens are a common
example of slope wetlands

Mineral Soil
Flats

Mineral soil flats are most common on interfluves, extensive relic lake bottoms, or large
alluvial terraces where the main source of water is precipitation. They receive virtually
no groundwater discharge, which distinguishes them from depressions and slopes.
Dominant hydrodynamics are vertical fluctuations. Mineral soil flats lose water by
evapotranspiration, overland flow, and seepage to underlying groundwater. They are
distinguished from flat non-wetland areas by their poor vertical drainage due to
impermeable layers (e.g., hardpans), slow lateral drainage, and low hydraulic
gradients. Pine flatwoods with hydric soils are an example of mineral soil flat wetlands.

(Continued)
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Table 1 (Concluded)

HGM
Wetland
Class Definition

Organic Soil [Organic soil flats, or extensive peatlands, differ from mineral soil flats in part because
Flats their elevation and topography are controlled by vertical accretion of organic matter.
They occur commonly on flat interfluves, but may also be located where depressions
have become filled with peat to form a relatively large flat surface. Water source is
dominated by precipitation, while water loss is by overland flow and seepage to
underlying groundwater. They occur in relatively humid climates. Raised bogs share
many of these characteristics but may be considered a separate class because of their
convex upward form and distinct edaphic conditions for plants. Portions of the
Everglades and northern Minnesota peatlands are examples of organic soil flat
wetlands.

Riverine Riverine wetlands occur in floodplains and riparian corridors in association with stream
channels. Dominant water sources are overbank or backwater flow from the channel.
Additional sources may be interflow, overland flow from adjacent uplands, tributary
inflow, and precipitation. When overbank flow occurs, surface flows down the
floodplain may dominate hydrodynamics. In headwaters, riverine wetlands often
intergrade with slope, depressional, poorly drained flat wetlands, or uplands as the
channel (bed) and bank disappear. Perennial flow is not required. Riverine wetlands
lose surface water via the return of floodwater to the channel after flooding and through
surface flow to the channel during rainfall events. They lose subsurface water by
discharge to the channel, movement to deeper groundwater, and evapotranspiration.
Bottomland hardwood forests on floodplains are examples of riverine wetlands.

Table 2
Potential Regional Wetland Subclasses in Relation to Classification
Criteria

Potential Regional Wetland
Classification Criteria Subclasses
Geomorphic Dominant Water |Dominant Western
Setting Source Hydrodynamics |Eastern USA USA/Alaska
Depression Groundwater or Vertical Prairie pothole California vernal
interflow marshes, Carolina |pools

bays
Fringe Ocean Bidirectional, Chesapeake Bay |San Francisco Bay
(tidal) horizontal and Gulf of Mexico | marshes

tidal marshes
Fringe (lacustrine) |Lake Bidirectional, Great Lakes Flathead Lake

horizontal marshes marshes
Slope Groundwater Unidirectional, Fens Avalanche chutes
horizontal

Flat Precipitation Vertical Wet pine flatwoods|Large playas
(mineral soil)
Flat Precipitation Vertical Peat bogs; Peatlands over
(organic soil) portions of permafrost

Everglades
Riverine Overbank flow Unidirectional, Bottomland Riparian wetlands

from channels horizontal hardwood forests

Note: Adapted from Smith et al. 1995, Rheinhardt et al. 1997.

of surface water in or out of the depression through defined channels). Tidal
fringe subclasses might be based on salinity gradients (Shafer and Yozzo 1998).
Slope subclasses might be based on the degree of slope or landscape position.
Riverine subclasses might be based on position in the watershed, stream order,
watershed size, channel gradient, or floodplain width. Regional Guidebooks
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include a thorough characterization of the regional wetland subclass in terms of
geomorphic setting, water sources, hydrodynamics, vegetation, soil, and other
features that were taken into consideration during the classification process.

Reference Wetlands

Reference wetlands are the wetland sites selected to represent the range of
variability that occurs in a regional wetland subclass as a result of natural
processes and disturbance (e.g., succession, channel migration, fire, erosion, and
sedimentation) as well as anthropogenic alteration (e.g., grazing, timber harvest,
clearing). The reference domain is the geographic area occupied by the reference
wetlands (Smith et al. 1995, Smith 2001). Ideally, the geographic extent of the
reference domain will mirror the geographic area encompassed by the regional
wetland subclass; however, this is not always possible due to time and resource
constraints.

Reference wetlands serve several purposes. First, they establish a basis for
defining what constitutes a characteristic and sustainable level of function across
the suite of functions selected for a regional wetland subclass. Second, reference
wetlands establish the range and variability of conditions exhibited by assessment
variables, and provide the data necessary for calibrating assessment variables and
models. Finally, they provide a concrete physical representation of wetland
ecosystems that can be observed and remeasured as needed.

Reference standard wetlands are the subset of reference wetlands that per-
form the suite of functions selected for the regional subclass at a level that is
characteristic of the least altered wetland sites in the least altered landscapes.
Table 3 outlines the terms used by the HGM Approach in the context of reference
wetlands.

Table 3

Reference Wetland Terms and Definitions

Term Definition

Reference Domain The geographic area from which reference wetlands representing the
regional wetland subclass are selected.

Reference Wetlands A group of wetlands that encompass the known range of variability in

the regional wetland subclass resulting from natural processes and
human alteration.

Reference Standard The subset of reference wetlands that perform a representative suite
\Wetlands of functions at a level that is both sustainable and characteristic of the
least human altered wetland sites in the least human altered
landscapes. By definition, the functional capacity index for all functions
in a reference standard wetland is 1.0.

Reference Standard Wetland | The range of conditions exhibited by assessment variables in

\Variable Condition reference standard wetlands. By definition, reference standard
conditions receive a variable subindex score of 1.0.

Assessment Models and Functional Indices

In the HGM Approach, an assessment model is a simple representation of a
function performed by a wetland ecosystem. The assessment model defines the
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relationship between the characteristics and processes of the wetland ecosystem
and the surrounding landscape that influence the functional capacity of a wetland
ecosystem. Characteristics and processes are represented in the assessment model
by assessment variables. Functional capacity is the ability of a wetland to per-
form a specific function relative to the ability of reference standard wetlands to
perform the same function. Application of assessment models results in a
Functional Capacity Index (FCI) ranging from 0.0 to 1.0. Wetlands with an FCI
of 1.0 perform the assessed function at a level that is characteristic of reference
standard wetlands. A lower FCI indicates that the wetland is performing a
function at a level below the level that is characteristic of reference standard
wetlands.

For example, the following equation shows an assessment model that could
be used to assess the capacity of a wetland to detain floodwater.

(VLOG +VGVC +VSSD +VTDEN )
4

FCl =Vipgq X

The assessment model has five assessment variables: frequency of flooding
(Vereo), Which represents the frequency at which a wetland is inundated by
overbank flooding, and the assessment variables of log density (V.og), ground
vegetation cover (Veyc), shrub and sapling density (Vssp), and tree stem density
(Vrpen) that together represent resistance to flow of floodwater through the
wetland.

Assessment variables occur in a variety of states or conditions. The state or
condition of an assessment variable is indicated by the value of the metric used to
assess a variable, and the metric used is normally one commonly used in eco-
logical studies. For example, tree basal area (m/ha) is the metric used to assess
tree biomass in a wetland, with larger numbers usually indicating greater stand
maturity and increasing functionality for several different wetland functions
where tree biomass is an important consideration.

Based on the metric value, an assessment variable is assigned a variable
subindex. When the metric value of an assessment variable is within the range of
conditions exhibited by reference standard wetlands, a variable subindex of 1.0 is
assigned. As the metric value deflects, in either direction, from the reference
standard condition, the variable subindex decreases based on a defined relation-
ship between metric values and functional capacity. Thus, as the metric value
deviates from the conditions documented in reference standard wetlands, it
receives a progressively lower subindex reflecting the decreased functional
capacity of the wetland. Figure 2 illustrates the relationship between metric
values of tree density (Vrpen) and the variable subindex for an example wetland
subclass. As shown in the graph, tree densities of 200 to 400 stems/ha represent
reference standard conditions, based on field studies, and a variable subindex of
1.0 is assigned for assessment models where tree density is a component. Where
tree densities are higher or lower than those found in reference standard
conditions, a lesser variable subindex value is assigned.
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Assessment Protocol

All of these steps described in the
preceding sections concern development
of the assessment tools and the rationale
used to produce this Regional Guide-
book. Although users of the guidebook
should be familiar with this process, their
primary concern will be the protocol for
application of the assessment procedures.
The assessment protocol is a defined set
of tasks, along with specific instructions,
that allows resource professionals to
assess the functions of a particular
wetland area using the assessment
models and functional indices in the
Regional Guidebook. The first task
includes characterizing the wetland eco-
system and the surrounding landscape,
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Figure 2.

Example subindex graph for the Tree
Density (V1pen) assessment variable

for a particular wetland subclass

describing the proposed project and its potential impacts, and identifying the
wetland areas to be assessed. The second task is collecting the field data for
assessment variables. The final task is an analysis that involves calculation of
functional indices. These steps are described in detail in Chapter 6, and the
required data forms, spreadsheets, and supporting digital spatial data are provided

in Appendices A through D.
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3 Characterization
of Wetland Subclasses
In the Delta Region
of Arkansas

Reference Domain

The reference domain for this guidebook (i.e., the area from which reference
data were collected and to which the guidebook can be applied) is the Delta
Region of Arkansas, which is that portion of the alluvial valley of the Mississippi
River that lies within Arkansas, bounded on the west by the Ozark and Ouachita
Mountains, the Arkansas River Valley, and the West Gulf Coastal Plain, and on
the east by the Mississippi River levee (Figure 3). The area between the
Mississippi River and the main-line levee system that controls Mississippi River
flooding (commonly called the batture) is not included in the reference domain.
Crowley’s Ridge, a narrow, elongate remnant coastal plain feature of Tertiary
age rising as much as 75 m above the surrounding alluvial terrain in the
northeastern part of the Arkansas Delta, also is not included in the reference

domain. All references to the Delta

Coastal Plain

Region of Arkansas in this report are
intended to reflect the limits on the
reference domain as described, and do
not include the Mississippi River batture
or Crowley’s Ridge.

All of the wetlands within the
reference domain are on landforms
created by the action of the Mississippi
River or its tributaries. In order to
classify and assess wetlands in the
region, it is important to understand the
geology and geomorphology of both the
Lower Mississippi Valley as a whole and

the Delta Region of Arkansas, as well as

Figure 3. Wetland planning regions of Arkansas the effects of human alterations to that

landscape. The following sections review
major concepts that have bearing on the
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classification and functions of wetlands in the modern landscape of the Delta
Region of Arkansas. Descriptions of the wetland classes and subclasses that
occur in the Delta and guidelines for recognizing them in the field are presented
as the final section of this chapter.

Physiography and Climate

The Delta Region of Arkansas is part of the Mississippi River Alluvial
Valley, which is defined by Saucier (1994) as that portion of the Lower
Mississippi Valley that is characterized by landforms and deposits that are
primarily of Holocene and Wisconsin age. Certain pre-Wisconsin Pleistocene
features of fluvial origin also are included. This definition excludes Crowley’s
Ridge, but includes the Grand Prairie area in Arkansas. Surface topography
within the alluvial valley is defined by the characteristics of a deep alluvial fill
that overlies Coastal Plain geologic formations and deeper Paleozoic and older
rocks. Except for the mountains in Arkansas, the Lower Mississippi Alluvial
Valley is bounded on the east and west by exposures of the Coastal Plain
sediments.

Climate within the Delta Region of Arkansas is humid subtropical, with
temperate winters and long hot summers. Prevailing southerly winds carry
moisture from the Gulf Coast, creating high humidity levels and a high incidence
of thunderstorms. Tornadoes and ice storms occur commonly in the area. Daily
mean temperatures at Little Rock, on the west-central edge of the Delta Region,
range from a low in January of 36.9 °F (2.7 °C) to a high of 81.5 °F (27.5°C ) in
July, with an overall annual average of 61.8 °F (16.5 °C). Daily average maxi-
mum temperatures are 92.4 °F (33.5 °C) in July and 49.0 °F (9.4 °C) in January.
Freezing temperatures reach the entire area for short periods in most years
(Brown et al. 1971; Southern Regional Climate Center 2002).

Long-term average total precipitation does not vary greatly within the Delta
Region of Arkansas. At Little Rock, the annual average is 50.86 in. (129.18 cm),
with the most precipitation falling in April (5.49 in. or 13.94